Objectives-Tobacco smoke (TS) interacts with inflammatory cytokines to produce endothelial dysfunction. We hypothesized that interleukin-1␤ (IL-1␤) plus TS (TS/IL-1␤) induces disassembly of endothelial junctional complexes of VE-cadherin/␤-catenin by suppression of PTEN activity and investigated molecular mechanisms that modulate PTEN-deactivation in this situation. Methods and Results-TS/IL-1␤ exposure, which disrupted adherens junctions and induced nuclear ␤-catenin accumulation, increased tyrosine phosphorylation (p-Tyr) of VE-cadherin and ␤-catenin, and reduced PTEN activity. Overexpression or silencing of PTEN modulated p-Tyr of both VE-cadherin and ␤-catenin, changed assembly of adherens junction complexes, and altered nuclear ␤-catenin accumulation. In addition, inhibiting ROS production stimulated by TS/IL-1␤ decreased activation of Src, EGFR and p38MAPK, phosphorylation of PTEN, VE-cadherin and ␤-catenin, and abrogated the effect of TS/IL-1␤ to disorganize adherens junctions, resulting in reduced endothelial permeability and decreased nuclear ␤-catenin accumulation. Finally, exposure of ApoE Ϫ/Ϫ mice to cigarette smokeinduced phosphorylation of Src, EGFR, p-38MAPK, PTEN, and ␤-catenin, and disrupted VE-cadherin/␤-catenin complexes in cardiovascular tissue.
S moking reduces the human life span and is involved at many stages in the progression of inflammatory pathologies including cancer and cardiovascular diseases. Carcinogenesis and arteriosclerosis have much in common: both endothelial dysfunction and neovascularization in atherosclerosis resemble the neoangiogenesis in carcinogenesis. The initial stage of atherogenesis is associated with formation of neovessels characterized by paucity of tight junctions and by discontinuous basement membrane. 1 Although mechanisms by which smoking promotes cancer and cardiovascular diseases are not entirely understood, one consistent finding in cigarette smoke-related diseases is endothelial dysfunction. 2 In vivo and in vitro studies suggest that cigarette smoke modulates both endothelial function and structure, increasing permeability to macromolecules, accumulation of lipoproteins, and endothelial damage, [3] [4] [5] crucial events in atherogenesis and angiogenesis. The endothelial cell-specific membrane protein VE-cadherin, the major adhesive protein of endothelial adherens junctions, is required for vascular integrity. VE-cadherin is linked to the actin cytoskeleton via the armadillo family members ␤ and ␥-catenin. 6 VE-cadherin and ␤-catenin function are controlled by cytoskeletal dynamics and by protein phosphorylation events. Tyrosine phosphorylation (p-Tyr) of both VE-cadherin and ␤-catenin is important in disassembly of endothelial adherens junctions. [7] [8] [9] [10] Increasing VE-cadherin p-Tyr results in disruption of VE-cadherin/ ␤-catenin binding, with consequent nuclear translocation of ␤-catenin where it modulates gene transcription.
Several lines of evidence suggest that PTEN (phosphatase and tensin homolog deleted on chromosome 10) interacts indirectly with ␤-catenin by binding scaffolding proteins containing a PDZ domain, and thus participates in regulating cell-cell junctions and vascular permeability. [11] [12] [13] [14] PTEN inhibits PI3-kinase pathway by dephosphorylation of phosphoinositide second messengers. 15 PTEN activity is negatively regulated by its oxidation and phosphorylation. 13, 16, 17 The role of tobacco smoke (TS) in modulation of PTEN activity has not been explored. We previously reported that TS augments cytokine effects on endothelial permeability and VE-cadherin/␤-catenin complexes. 3 Here, we show that TS potentiation of cytokines operates through suppression of PTEN activity, leading to p-Tyr and dissociation of VEcadherin/␤-catenin complexes in endothelium.
Our data also show that TS/IL-1␤ mediate production of reactive oxygen species (ROS) that stimulate phosphorylation of Src, with consequent increased activation of EGFR and p38MAPK. Therefore, activation of the ROS-dependent Src/ EGFR-p38MAPK pathway inhibits PTEN activation through its phosphorylation. Blocking the PTEN/PI3K pathway triggers p-Tyr of VE-cadherin and ␤-catenin, leading to dissociation of adherens junction complexes with translocation of ␤-catenin into the nucleus. We show for the first time the existence of a link between smoke exposure, PTEN, phosphorylation events, and adherens junction integrity in the regulation of endothelial cell barriers and nuclear ␤-catenin accumulation.
Materials and Methods
For detailed descriptions of the Materials and Methods, please see supplemental Material and Methods (available online at http://atvb.ahajournals.org).
Reagents and Antibodies
PBS, medium D-MEM, HEPES, L-glutamine, penicillin/streptomycin were from GIBCO Laboratories. IL-1␤, FBS, NAC (N-AcetylCysteine), phosphatase and protease inhibitors, fluorescein isothiocyanate (FITC)-conjugated dextran, DCFH-DA, and DAF-2 were from Sigma. The PI3K inhibitor LY294002, EGFR inhibitor AG1478, p38MAPK inhibitor SB202190, and Src inhibitor PP1 were purchased from Calbiochem. For Western blot analysis, the following antibodies were used: primary antibody against EGFR, phospho-EGFR (Tyr-1068), Akt, phospho-Akt (Ser-473), PTEN, phospho-PTEN (Ser-380), Src, phospho-Src (Tyr-416), p38MAPK, phospho-p38MAPK (Thr180/Tyr182), ␤-catenin (Cell Signaling); VE-cadherin, ␤-catenin, SV40-T, intercellular adhesion molecule-1 (ICAM-1), phosphotyrosine (Santa Cruz); ␤-actin, tubulin (Sigma); phosphotyrosine (PY20) anti-mouse and anti-rabbit peroxidase-conjugated secondary antibodies (Calbiochem), antimouse secondary antibodies labeled with Cy2 (Jackson Laboratory). Protein A-Sepharose beads (Zymed). BCA protein assay kit (BioRad). All chemicals were of analytical grade and purchased from Sigma if not otherwise stated.
Results

TS/IL-1␤ Exposure Disrupted Adherens Junctions, Increased ROS Production, and p-Tyr of VE-Cadherin and ␤-Catenin
Our previous in vitro and in vivo studies showed in mouse cardiac endothelial cells (MCECs) that tobacco smoke (TS) cooperates with IL-1␤ to cause barrier dysfunction with disruption of VE-cadherin/␤-catenin complexes, and enhancement of nuclear ␤-catenin accumulation (please see supplemental Figure IA and IB). 3 We showed that ␤-catenin in unstimulated cells was mainly localized at the intercellular junctions. However, within 10 minutes' exposure to TS or IL-1␤, ␤-catenin redistributes away from the cell-cell contacts with gaps developing between the endothelial cells. This effect was most striking after cotreatment with TS and IL-1␤ ( Figure 1A ).
Because production of reactive oxygen species (ROS) and tyrosine phosphorylation (p-Tyr) of junction proteins critically affect stable junction formation, [7] [8] [9] [10] we investigated whether TS interacts with IL-1␤ to modulate ROS and protein p-Tyr in MCECs. As shown in Figure 1B , treatment with TS alone did not alter ROS production, whereas exposure to IL-1␤ caused a 1.3-fold induction of peroxide production. In contrast, ROS production increased 4.7-fold when MCECs were exposed to the same concentrations of TS and IL-1␤ (TS/IL-1␤) combined ( Figure 1B and supplemental Figure IC ). TS/IL-1␤ increased ROS production in a timedependent manner within 5 to 15 minutes, an effect that declines partially after 30 minutes (supplemental Figure ID and IE).
Moreover, either TS or IL-1␤ alone stimulated protein p-Tyr only slightly, whereas cotreatment with TS/IL-1␤ strongly increased protein p-Tyr detected by Western blotting. TS/IL-1␤ induced intense p-Tyr at 40 kDa, 60 to 90 kDa, and 120 to 200 kDa ( Figure 1C) . Intriguingly, the molecular weights of VE-cadherin and ␤-catenin are 92 kDa and 130 kDa, respectively. In addition, we studied the effects of TS/IL-1␤ on p-Tyr specifically of VE-cadherin and ␤-catenin. TS or IL-1␤ alone induced only modestly increased p-Tyr of VE-cadherin and ␤-catenin, whereas TS/ IL-1␤ combined strongly induced p-Tyr of both proteins ( Figure 1D and supplemental Figure IF) .
Thus, TS cooperates with IL-1␤ to increase ROS production, to modify VE-cadherin/␤-catenin complexes at the endothelial cell plasma membrane, and augment their p-Tyr. 
TS/IL-1␤ Suppressed PTEN Activity, Though Its Phosphorylation of Ser Residues Not Its Oxidation
Activation of PTEN may prevent p-Tyr of ␤-catenin 14 and PI3K signaling, 15 events required to modulate permeability of endothelial monolayers. We showed that TS/IL-1␤ exposure reduced PTEN activity by 40%, but no change in PTEN resulted when MCECs were treated with TS or IL-1␤ alone ( Figure 2A ). PTEN is known to be negatively regulated in a redox-dependent manner 16, 17 by p-Tyr, 18 or by phosphorylation of residues Ser380 and Thr382/383 (p-Ser/Thr). 13 We observed that H 2 O 2 treatment of MCECs shifted PTEN toward oxidized form, whereas no oxidized PTEN was detected in MCECs treated with TS/IL-1␤ (supplemental Figure IIA) . Moreover, no changes in p-Tyr of PTEN were observed after exposure to TS/IL-1␤ (supplemental Figure  IIB) . In contrast, 5 minutes of TS/IL-1␤ costimulation resulted in increased p-Ser of PTEN (p-Ser-PTEN), compared with treatment with TS or IL-1␤ alone ( Figure 2B ). We tested whether TS/IL-1␤ exposure increased phosphorylation of Akt and affected PTEN recruitment into a complexes with ␤-catenin. Figure IIIA) . Furthermore, exposure to NAC strongly attenuated p-Tyr of both ␤-catenin and VEcadherin, and blocked the dissociation of VE-cadherin/␤-catenin complexes (supplemental Figure IIIB) . Additionally, ROS inhibition resulted in decreased nuclear ␤-catenin accumulation (supplemental Figure IIIC) , and restored normal endothelial monolayer permeability (supplemental Figure  IIID) . Based on these observations, we suggest that ROS induced by TS/IL-1␤ are required to modulate the PTEN/ AKT pathway, p-Tyr of VE-cadherin and ␤-catenin, adherens junction complex disruption, and increased endothelial permeability.
PTEN Activity Was Required to Modify p-Tyr, VE-Cadherin/␤-Catenin Complexes, and Nuclear ␤-Catenin Accumulation
To examine whether PTEN is required to modulate PI3K/ Akt/nuclear ␤-catenin accumulation pathway we used 2 different approaches: we transfected MCECs with PTENspecific siRNA, or exposed MCECs to TS/IL-1␤ after transfection with pcDNA3-PTEN (pc-PTEN). Transfection of PTEN siRNA but not control siRNA significantly suppressed PTEN levels, and increased Akt phosphorylation (supplemental Figure IVA ). Transfection with PTEN siRNA had the same effect as TS/IL-1␤ treatment, ie, induced p-Tyr of ␤-catenin and VE-cadherin, disrupted VE-cadherin/␤-catenin complexes (supplemental Figure IVB) , and increased nuclear ␤-catenin accumulation (supplemental Figure IVC ). In contrast, overexpression of PTEN completely prevented phosphorylation of Akt induced by TS/IL-1␤ compared with induction of both the events in control cells transfected with pcDNA3 vector alone (supplemental Figure IVD) . Moreover, induction by TS/IL-1␤ of ␤-catenin p-Tyr was completely abrogated in cells transfected with pc-PTEN ( Figure 3A) . Surprisingly, PTEN overexpression decreased p-Tyr of VEcadherin, inhibited the disruption of VE-cadherin/␤-catenin complexes ( Figure 3A) , and blocked nuclear ␤-catenin accumulation ( Figure 3B ). We confirmed that PTEN activity modulated p-Tyr and dissociation of VE-cadherin/␤-catenin membrane complexes, by pretreating MCECs with the PI-3K inhibitor LY294002 (LY). LY treatment of MCECs completely blocked Akt phosphorylation (supplemental Figure  IVE) , and inhibited ␤-catenin p-Tyr induced by TS/IL-1␤ ( Figure 3C ). Furthermore, inhibition of PI3K reversed p-Tyr of VE-cadherin and prevented disruption of VE-cadherin/␤-catenin complexes induced by cotreatment ( Figure 3C ). Both the increased permeability of endothelial monolayers and ␤-catenin trafficking into the nucleus caused by TS/IL-1␤ were significantly diminished when PI-3K was inhibited (supplemental Figure IVF and IVG) .
Direct inhibition of PI3K, an immediate downstream target blocked by activated PTEN, has the same negative effect on TS/IL-1␤ mediated p-Tyr of VE-cadherin and ␤-catenin, and modification of VE-cadherin/␤-catenin interactions as does overexpressing PTEN. Taken together, these observations demonstrate that reduction of PTEN activity mediated by its silencing or by treatment with TS/IL-1␤ is required to modify endothelial adherens junctional complexes.
By Modulating PTEN Activity, TS/IL-1␤ Regulates the Src/EGFR/p38 Pathway, p-Tyr of Junctional Proteins, and Dissociation of VE-Cadherin and ␤-Catenin Complexes
We analyzed phosphorylation of Src, EGFR, and p38MAPK (p38) by TS and IL-1␤ as representative kinases activated by tobacco smoke. 3,18 -21 TS or IL-1␤ alone had either no significant effect or resulted in slightly increased protein phosphorylation levels. In contrast, cotreatment with TS/ IL-1␤ resulted in significantly enhanced phosphorylation of Src, EGFR, and p38 (data not shown).
To identify possible interactions among these kinases, we pretreated MCECs with SB202190 (SB), PP1, and AG1478 (AG), selective inhibitors of p38, Src, and EGFR, respectively. Although no changes in phosphorylation levels of Src and EGFR induced by TS/IL-1␤ were detected when MCECs were pretreated with SB (data not shown), pretreatment with PP1 dramatically reduced phosphorylation of Src, EGFR, and p38 (data not shown). In contrast, AG inhibited phosphorylation of EGFR but had no effect on the phosphorylation of Src and p38 (data not shown).
Because Src regulates phosphorylation of VE-cadherin and ␤-catenin, 21 we tested whether activation of the Src, EGFR, and p38 modulated PTEN/PI3K activity and consequently the status of VE-cadherin/␤-catenin complexes in endothelial cells. Pretreatment of MCECs with PP1, AG, and SB inhibited phosphorylation of PTEN and of AKT (supplemental Figure VA and B) , as well as p-Tyr of ␤-catenin (supplemental Figure VC) and VE-cadherin, and restored VE-cadherin/ ␤-catenin complexes to the unstimulated state (supplemental Figure VC) . The inhibitors individually blocked enhanced endothelial permeability (supplemental Figure VD , VE, and VF), as well as nuclear trafficking of ␤-catenin (supplemental Figure VG) induced by TS/IL-1␤. No change was observed in total Akt protein (data not shown). We then determined whether activation of Src, EGFR, and p38 by TS/IL-1␤ is under redox regulation. NAC treatment of MCECs blocked TS/IL-1␤ induced phosphorylation of Src, EGFR, and p38 (supplemental Figure VH) without altering total protein levels of EGFR, p38 (data not shown), and Src. Based on these observations, we suggest that in MCECs, TS/IL-1␤ act to modulate the Src/EGFR-p38 pathway with consequent PTEN inactivation. This in turn rapidly leads to increased p-Tyr of VE-cadherin and ␤-catenin, with dissociation of adherens junction and accumulation of ␤-catenin into the nucleus, permitting subsequent gene activation.
Exposure of Mice to Cigarette Smoke Increased
Src/EGFR/p38/PTEN Phosphorylation, pTyr of ␤-Catenin and Decreased VE-Cadherin/ ␤-Catenin Complexes Our previous in vivo studies showed that in mice exposed to cigarette smoke 1 hour daily for 15 days Akt phosphorylation and nuclear ␤-catenin accumulation increased in cardiovascular tissue (CT), as did serum IL-1␤ levels. 3 Now, in the same tissue lysates, we observed a statistically significant increase in phosphorylation of Src (ϩ277%, PϽ0.01), EGFR (ϩ253%, PϽ0.05), p-38 (ϩ250%, PϽ0.01), and PTEN (ϩ297%, PϽ0.01) (Figure 4A and 4B) . Moreover, induction of p-Tyr of ␤-catenin (ϩ278%, PϽ0.05) and decreases in VE-cadherin/␤-catenin complexes (Ϫ70%, PϽ0.05; Figure  4C and 4D) were observed in cardiovascular tissue of 
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smoke-exposed ApoE Ϫ/Ϫ mice compared with control mice. Taken together, our data suggest that exposing live animals to cigarette smoke induces activation of the Src/EGFR/p-38/ PTEN pathway, tyrosine phosphorylation of ␤-catenin, and dissociation of adherent junction VE-cadherin/␤-catenin complexes in cardiovascular tissue.
Discussion
Endothelial dysfunction represents a common link among many diseases induced by cigarette smoking, 1 ranging from chronic pulmonary inflammation to arteriosclerosis and carcinogenesis. 2, 22 The mechanisms by which smoking activates and alters vascular endothelium have not been clearly elucidated. We showed that aqueous extracts of cigarette smoke (TS) interacted with the inflammatory cytokine, IL-1␤, to increase production of nitric oxide (NO) and expression of intercellular cell adhesion molecule (ICAM-1), and induce monocyte adhesion to endothelium (supplemental Figure VI) . Moreover, we previously demonstrated that TS/IL-1␤ produce rapid increase in vascular permeability and promote accumulation of nuclear b-catenin in the nucleus, acting as a cofactor for upregulation of inflammatory and proproliferative genes. 3 We have now explored signaling pathways involved in these smoke-induced events. Altered endothelial barrier integrity and translocation of ␤-catenin into the nucleus favor entry of lipids and moreover of leukocytes into the vessel wall promoting formation of more "active" and "vulnerable" plaque rather than calcified, more "inactive" plaque. We demonstrate here that exposing endothelial cells to TS/IL-1␤ decreases PTEN activity, permitting activation of the PI-3K/Akt pathway.
Little is known about how tobacco smoking affects signaling pathways that regulate PTEN activity, nor how smoke mediates PTEN function in the ␤-catenin activation pathway.
Preformed reactive oxygen species (ROS) present in cigarette smoke are unlikely to explain endothelial dysfunction observed on exposure to an aqueous solution of tobacco smoke, as ROS are short-lived and rapidly decompose into innocuous end products in a physiological milieu. 23 Evidence rather suggests that stable compounds in cigarette smoke increase NADPH oxidase activity within cells to produce intracellular ROS 24 that may interact with NO resulting in induction of peroxynitrite (ONOO Ϫ ), a strong oxidant capable of modifying most biological molecules, including amino acids such as tyrosine, that contribute to the progression of cardiovascular disease. 25 Furthermore, ROS may oxidize and inactivate PTEN by forming disulfide bonds between Cys 124, the active site and Cys 71. 16, 17 We demonstrate that ROS produced when MCECs are exposed to TS/IL-1␤ regulate PTEN activity. Remarkably, ROS do not induce the oxidized form of PTEN or its tyrosine phosphorylation but, rather, inactivate PTEN through phosphorylation of serine residues of the PTEN tail, suggesting an indirect modulation. Phosphorylation of PTEN by casein kinase-2 (CK2) reduces catalytic activity of PTEN with activation of PI3K/Akt pathway, 26 and stabilizes PTEN in a monomeric "closed" conformation with low affinity for ␤-catenin/scaffolding protein complexes. 13 ROS/NADPH-mediated decreases in PTEN activity may be modulated through oxidative activation of intermediate protein kinases such as Src, rather than by direct PTEN inactivation. Although it is known that ROS produced by NADPH oxidase are crucial for Src activation in endothelial cells, 27 and that activated Src decreases the stability and the activity of PTEN, how this occurs is not clear. Our findings suggest that induction of serine/threonine phosphorylation and inactivation of PTEN modulated by TS/IL-1␤ is regulated through CK2 because Src, EGFR, and p38MAPK increase phosphorylation and catalytic activity of CK2. 28 -30 The activation of this pathway in endothelial cells is important in multiple physiological processes including cardiovascular morphogenesis, postnatal neovascularization, and tumor angiogenesis. 31 Recent literature demonstrates that tyrosine phosphorylation of VE-cadherin that is stimulated by PAF, VEGF, thrombin, or histamine correlates with a rapid disruption of adherens junctions, a critical step in both angiogenesis and inflammation. 8 Conversely, we have shown that overexpression of PTEN and consequent inhibition of PI3K activity is sufficient to diminish TS/IL-1␤-induced p-Tyr of VEcadherin and ␤-catenin, prevent disruption of adherens junctions, and block translocation of ␤-catenin into the nucleus after MCECs are exposed to TS/IL-1␤. The involvement of PTEN/PI3K activation in p-Tyr of both VE-cadherin and ␤-catenin and consequent modulation of cell-cell adhesion has been controversial. We can suggest that in our model PTEN does not directly modulate p-Tyr of VE-cadherin and ␤-catenin, but that p-Tyr of VE-cadherin/␤-catenin complexes is regulated through PI3K. Indeed, LY294002, selective inhibitor of PI3K, decreased p-Tyr and dissociation of adherens junction complexes. In agreement with our data, cell-cell interactions and p-Tyr of ␤-catenin mediated by transforming growth factor (TGF)-␤ in pancreatic carcinoma cell lines have been shown to be directly regulated by PTEN. 14 In contrast, wild-type PTEN reverses the increased cell-cell adhesion mediated by overexpression of Src in MDCK cells, but in this model no significant effect on p-Tyr of ␤-catenin was observed. 32 Of interest, we have shown that TS/IL-1␤ in combination rapidly activate the AKT/GSK-3␤ pathway with consequent Ser/Thr phosphorylation of ␤-catenin, leading to its decreased degradation in the cytoplasm and its increased accumulation in the nucleus. 3 Therefore, PTEN inactivation mediated by TS/IL-1␤ may also further regulate trafficking of ␤-catenin from membrane to the nucleus by regulating the latter's p-Tyr as well as reducing its degradation as a consequence of Ser/Thr phosphorylation mediated by GSK-3␤ deactivation (supplemental Figure VII) .
PTEN inactivation induced by smoking may participate in creating vascular dysfunction not only through modulation of endothelial adherens junctions and endothelial permeability, but also through upregulation of ␤-catenin-induced genes. Moreover, ␤-catenin within the nucleus may over time lead to increased transcription of the aryl hydrocarbon receptor (AhR) and increased expression of AhR protein. 33 AhR may participate in vascular remodeling and itself act as a transcription factor, 34 in the development of atherogenesis and cardiovascular diseases. 35 Because no data are available about PTEN and AhR activation, we can only suggest that smokemediated changes in the ROS/PTEN/␤-catenin pathway that favor trafficking of ␤-catenin into the nucleus may upregulate numerous different genes including AhR. In addition, other substances contained in cigarette smoke such as polycyclic aromatic hydrocarbons, agonists for AhR that are detected in arterial endothelial cells from smokers, 36 by promoting the activation of AhR may induce an array of genes involved in vascular dysfunction. Additional studies must be performed to understand whether PTEN modulation participates in AhR activation and expression.
More importantly, our in vivo experiments, confirming the in vitro data, provide evidence that smoking induces activation of Src, EGFR, and p38MAPK, phosphorylation of PTEN, VE-cadherin, and ␤-catenin, and disruption of VEcadherin and ␤-catenin complexes.
In conclusion, we propose that suppression of PTEN activity is an important step in endothelial dysfunction caused by tobacco smoke, in particular in the presence of inflammatory cytokines, by mediating endothelial membrane junction disorganization and by promoting ␤-catenin-dependent gene regulation in endothelial cells. Understanding the mechanisms by which pathogenic xenobiotics such as those in tobacco smoke cooperate with inflammatory factors to enhance pathophysiologic changes in the vascular system may lead to the development of new diagnostic and therapeutic strategies.
Materials and Methods
Cell Culture
MCEC were isolated, immortalized and characterized as previously described, 1 and cultured in DMEM with 10 mmol/L penicillin/streptomycin (Gibco), 10 mmol/L HEPES (SIGMA) and 5% FBS in 0.2% gelatin-coated plate. Cells at confluence were starved 24 hours in fresh DMEM containing 0.5 % FBS, then incubated in serum free media with or without TS and/or IL-1β.
Preparation of Tobacco Smoke Extract (TS)
2R4F cigarettes were smoked one at a time in a Borgwaldt piston-controlled apparatus (Model RG- 
Immunofluorescence Studies
Immunofluorescent staining for β-catenin was performed as we previously reported. 
Protein Preparation and Western Blot Analysis
Cells were harvested in appropriated lysis buffer and blotting was performed as described. 
Permeability Studies
The permeability of MCEC cell monolayers was measured using Transwell polycarbonate insert filters (Corning, pore size 3 µm). Briefly, MCEC at confluence were incubated with or without stimuli in DMEM without phenol red; FITC -conjugated dextran (40kDa, 2 g/L) was added to the upper chamber. Aliquots (0.2 mL) were removed from the lower chamber at 0, 5, 15, 30, 60, 90, 120 minutes, and replaced with fresh assay buffer, and the fluorescence that passed through the cellcovered inserts was determined using a fluorescence multiwell plate reader. The volume cleared was plotted against time, and the slopes of the curves were used to calculate the permeability coefficients (Pe) of the endothelial monolayer, as described by Foster C et al: 1/PS = 1/me -1/mf and Pe = PS/s, where me and mf are slopes of the curves, PS, permeability surface area product and s the surface area of the filter (1 cm 2 ).
1-5
PTEN Activity Assay
The PTEN lipid phosphatase activity was measured using ELISA kit from Echelon, according to the manufacturer's instructions. 6 
Plasmid Transfection
Mouse PTEN cDNA was generated by PCR amplification from cDNA from MCEC and subcloned in pcDNA 3 vector (pc-PTEN) (Invitrogen) for expression in mammalian cells. 
Transfection of siRNA
MCEC, plated in antibiotic-free media containing 5 % FBS, were grown to 50-70% confluence.
Transfection with siRNAs was performed using Transfection Reagent and medium (Santa Cruz) to result in a final PTEN siRNA or control siRNA (all from Santa Cruz) concentration of 50 nmol/L.
After seven hours incubation an equal volume of DMEM/5% FBS was added without removing the transfection mixture. The following day, the cells were retransfected with the same protocol. After 18 hours the transfected cells were washed and starved for 24 hours in DMEM/0.5% FBS before use.
In vitro adhesion assay.
Adhesion experiments were performed as previously described by Kawakami et al with some modifications. 6 Briefly, MCEC were stimulated with TS and/or IL-1β for 4 h. After washing with M199 medium, THP-1 cells labeled with Dil-AcLDL (the ratio of MCEC to THP was 1 to 10), were added to the cultures, and then incubated at 37 C for 30 min. After non-adherent cells were removed, the number of monocytes per culture was counted by fluorescence microscopy.
Animal Studies and in vivo experiments
All animal experimental procedures were approved by the Weill Medical College Institutional Animal Care and Use Committee (IACUC). ApoE -/-mice aged 9 weeks (5 males per group, Jackson Laboratories) were fed standard chow. Mice were secured in fitted polycarbonate chambers and placed into a 12-port nose-only exposure chamber (CH Technologies) for direct inhalation of cigarette smoke. The cigarettes used in this study were 2R4F research cigarettes (Kentucky Tobacco
Research Institute) smoked at the rate of 1 puff/minute, 2 seconds per puff. Puff volume was 35 ml.
Mice were treated with either room air or tobacco smoke for one hour per day, 7 days per week for 15 days at a total suspended particulate (TSP) dose of about 200 mg/m 3 /day. At the end of the entire experimental period, animals were deeply anesthetized with isofluorane. After perfusion with saline, the hearts and aortas were isolated en bloc and lysed in a phosphorylation buffer or processed for nuclear extraction.
